ABSTRACT Species composition and seasonal distribution of dung beetles were studied on dairy and beef cattle pastures in North Carolina. Study sites included a dairy located in the piedmont region (North Carolina Department of Agriculture Piedmont Research Station, Salisbury, NC) and a combined dairy/beef facility in the coastal plain (North Carolina Department of Agriculture Center for Environmental Farming Systems, Goldsboro, NC). Dung beetles were trapped in cattle pastures from March 2002 through September 2003 by using dung-baited pitfall traps. Trapping yielded 4,111 beetles representing 14 species from the piedmont dairy, including Aphodius prodromus Brahm, a new record for North Carolina. Totals of 57,026 beetles representing 28 species and 28,857 beetles representing 26 species were trapped from the dairy unit and beef unit in the coastal plain site, respectively. Onthophagus gazella (F.), a second new record for North Carolina, was collected from the coastal plain. Beetles common to all collection sites include Aphodius erraticus (L.), Aphodius fimetarius (L.), Aphodius granarius (L.), Aphodius pseudolividus Balthasar, Onthophagus taurus Schreber, Onthophagus hecate hecate Panzer, and Onthophagus pennsylvanicus Harold. The introduced beetle O. taurus dominated the dung beetle population, accounting for Ͼ50% of the total beetles caught at either site. Beetle activity was greatest from March until November, with activity declining during the winter. Nine exotic species in the genera Onthophagus and Aphodius represented nearly 95% of the beetles trapped.
would be important to understanding pasture insect biodiversity, monitoring the advance of introduced species, and providing essential ecological information on how native species respond to non-native species. Our goals in this research were to 1) determine the species of Scarabaeidae and Geotrupidae existing at two different sites in North Carolina, 2) assess the dominant species occurring at these two sites, and 3) monitor the seasonal activity of each species throughout the year.
Materials and Methods
Two distinct sites were selected for study, one located in the piedmont region of central North Carolina and another in the coastal plain of eastern North Carolina. The Piedmont Research Station is located in Salisbury, NC (Rowan Co.; N 35.7Њ latitude, W 80.62Њ longitude; 251 m above sea level). Characterized as a felsic crystalline soil system, the local soils were identiÞed as Hiwassee and Starr clay loam (Daniels et al. 1999) . The stationÕs dairy unit maintained an average of 200 Holstein milking cows milked twice daily. Approximately 150 cows, heifers, and calves were on pasture during the study.
Forage species found on this farm consisted of tall fescue, Festuca arundinacea Schreb.; rescuegrass, Bromus catharticus Vahl; and to a lesser extent, Bermuda grass, Cynodon dactylon (L.) Pers., and white clover, Trifolium repens L. Cattle also were fed corn silage before milking.
The Center for Environmental Farming Systems (CEFS) in Goldsboro (Wayne Co.; N 35.44Њ latitude, W 78.09Њ longitude; 41 m above sea level) is located in the coastal plain region of eastern North Carolina. Placed in the middle coastal plain soil system, the various soil types included Johns sandy loam, Kenansville loamy sand, Rains sandy loam, and Torhunta loam (Daniels et al. 1999) . This station maintained an operating beef unit and a dairy unit. The beef herd averaged 125 Angus and Angus/Senepol crossbred cows and replacement heifers. The dairy herd averaged 140 Holstein and Holstein/Jersey mixed lactating cows and 35 calves. All cattle were kept on pasture the entire year but were rotated across various paddocks. The dairy herd was brought in twice daily for milking and for supplemental feeding of a mixture of corn, soybean meal, whole cottonseed, and minerals. After each milking, lactating cows received a fresh pasture allocation. Nonlactating dairy animals and beef cattle received fresh pasture at least twice each week.
Forage species at CEFS included coastal Bermuda grass, Cynodon dactylon (L.) Pers.; rescuegrass, Bromus catharticus Vahl, ÔMatuaÕ; orchardgrass, Dactylis glomerata L.; white clover, Trifolium repens L.; pearl millet; Pennisetum glaucum (L.) R. Br.; rye, Secale cereale L.; and annual ryegrass, Lolium multiflorum Lam. Crabgrass, Digitaria sanguinalis (L.) Scop., and dallisgrass, Paspalum dilatatum Poir., also were abundant on this farm. In addition to grazing, dairy cattle were fed supplemental corn silage and haylage when pasture forage was limited. During the winter, beef cattle were fed cottonseed, gin trash, and hay in addition to the available forages found in the pastures. No growth promoters or antibiotics were administered to the cattle used in this study.
Dung beetles were captured using dung-baited pitfall traps similar to those of Floate and Gill (1998) . Fresh bovine dung was collected from pastures at each unit and frozen until needed. Dung beetle baits were prepared by wrapping an aliquot of thawed dung, measured using a 55-ml ice-cream scoop, in a white paper towel (20 by 20 cm). These balls served as baits for the pitfall traps. Dung baits were frozen until they were required for Þeld trapping.
The pitfall traps were inserted into 10.2-cm-diameter, thin-walled (2-mm) polyvinyl chloride tubes buried to a depth of 25 cm. The tubes prevented the collapse of soil into the hole and provided assurance of repeated and precise trap placement. Ten traps were placed at the dairy unit of the Piedmont Research Station. Five traps were located on the western side of the farm, between several dry lot paddocks and pastures. The remaining Þve traps were placed on the eastern side of the unit in a pasture where cattle were continuously grazed and fed supplemental grain and forage. Traps were placed Ϸ10 m apart and were located under the electrical fencing for protection from cattle.
Twenty traps were located at CEFS. Ten traps each were assigned to the dairy unit and the beef unit. Traps were separated by Ϸ50 m. Although the number of traps used at each unit remained constant (10), the trap location varied during the study. Because the cattle herd moved from pasture to pasture under the rotational grazing scheme, traps were placed nearest to pastures with cattle present. Occasionally, trap locations were moved from high-trafÞc areas and ßood-prone areas that inhibited dung beetle trapping.
After 24 h, beetles from the traps were collected in plastic bags, labeled according to location, and taken to the laboratory where the beetles were identiÞed and counted. Species were identiÞed using the keys in Howden and Cartwright (1963) , Woodruff (1973) , Gordon (1983), and Harpootlian (2001) . Voucher specimens were placed in the insect museum of North Carolina State University, Department of Entomology, Raleigh, NC.
Because the cattle were moved often under the rotational grazing system and trap location was Þxed, it was necessary to determine whether cattle location played a role in trap yield. If traps closest to cattle trapped more beetles, then we would expect a correlation between proximity and high yield. Correlations between distance to cattle and trap yields were calculated using SAS 8. 
Results
During the study, 89,993 dung beetles were trapped, encompassing 30 species in eight genera (Table 1) . Trapping in Goldsboro yielded 85,882 beetles, with the dairy unit contributing 57,025 of these individuals and the beef unit contributing 28,857. Traps from Salisbury yielded fewer beetles, with only 4,111 beetles trapped during the 18 mo. Similarly, the number of species trapped from each site differed resulting in only 14 species (six genera) taken from Salisbury, compared with 28 species (eight genera) taken from Goldsboro (Table 1) . Nine of the 30 species taken during this study were exotic and dominated the dung beetle fauna at each site (Table 1) . Ninety-Þve percent (95.4%) of all beetles trapped from the CEFS dairy unit were introduced into North America, whereas 90.5% of the beetles trapped from the beef unit were introduced. In Salisbury, 94.0% of the beetles trapped were introduced species (Table 1) .
Distance from pastured cattle to the traps varied, but it did not contribute signiÞcantly to trap yield variability. Correlation coefÞcients calculated for the relationship between the distance of traps to cattle and trap yield ranged from r ϭ 0.445 to r ϭ Ϫ0.781 for O. taurus and from r ϭ 0.499 to r ϭ Ϫ0.568 for The number of beetles captured in the baited traps was not uniformly distributed among the traps during periods of peak beetle activity. Based on 15.5 critical 2 value (df ϭ 8, ␣ Յ 0.05), dung beetles exhibited a clumped distribution among the traps each month during the summer except August 2002 ( 2 ϭ 13.7, df ϭ 8). This may have occurred because the total number of beetles captured during August 2002 was lower than other months presumably because of high temperatures and little rainfall (Fig. 2) .
Based on the number of species and specimens caught, the period of greatest beetle activity occurred from late winter (March) through late autumn (November) at both sites. Beetle activity greatly diminished when temperatures fell below 10ЊC. An additional period of reduced activity occurred during August 2002, when little or no rain fell and the maximum daily temperatures often exceeded 30ЊC (Figs. 1 and 2).
Species composition was calculated as the percentage of the total comprised by each species. Throughout the entire study the most dominant species (Ն5.0% of the total) were O. taurus, A. pseudolividus, Aphodius erraticus (L.), Onthophagus gazella (F.), and Onthophagus pennsylvanicus Harold. Less dominant (1.0Ð4.9%) but still common species included Aphodius granarius (L.), Aphodius distinctus (Mü ller), and Onthophagus hecate hecate (Panzer). All other species (Յ1.0% of the total) were considered minor species (Table 1) .
In total, 54,929 O. taurus were trapped from Goldsboro (Table 1) vember. Peaks in activity occurred in June 2002 in Goldsboro (Ͼ11,000 beetles trapped) and late August 2002 in Salisbury (Ͼ1,600 beetles trapped) (Fig. 3) .
A. pseudolividus comprised 18.39% (15,759 individuals) of the beetles trapped from Goldsboro and 18.88% (776 individuals) of the beetles trapped from Salisbury (Table 1 ). The beef unit in Goldsboro trapped more A. pseudolividus that the dairy unit, 8,938 (30.97% of the total) and 6,857 (12.02% of the total) beetles, respectively. A. pseudolividus had a long period of activity with beetles being taken from early March through late November and early December at both sites (Fig. 4) .
A. erraticus was abundant at both sites making up 5.47% of the total beetles trapped from Goldsboro (4,755 specimens) and 5.53% of the total dung beetles trapped from Salisbury (225 specimens) ( Table 1 ). The Goldsboro dairy unit yielded more A. erraticus than the beef unit, with traps collecting 3,419 and 1,336 individuals respectively. This species made up 6.00% of the population at the dairy unit and 4.63% at the beef unit. A. erraticus had a short season of activity, being active from early March until early July at both sites (Fig. 5) .
O. gazella was taken exclusively from Goldsboro (Table 1 ). In total, 1,927 specimens were taken from the beef unit, comprising 6.68% of all beetles trapped there. Traps from the dairy unit caught 2,040 O. gazella, making up 3.58% of total collections. O. gazella activity was from May through early November of 2002, with peak activity during August, September, and October (Fig. 6 ). During 2003, activity was observed from June until the end of trapping.
O. pennsylvanicus was common at both sites with 140 specimens (3.41%) taken from Salisbury and 3,595 (4.19%) from Goldsboro (Table 1) . Of the individuals taken in Goldsboro, 1,699 individuals were from the dairy unit, whereas 1,896 were from the beef unit. O. pennsylvanicus represented 2.98% of the beetles taken from the dairy unit and 6.57% of the beetles taken from the beef unit. This species was active during most of the year, particularly from late March through early November (Fig. 7) .
A. granarius was most abundant at Salisbury with traps yielding 103 specimens (2.51% of the population) (Table 1) . Collections from the Goldsboro dairy were much smaller, 15 specimens total, representing 0.03% of the beetles taken. Collections from the beef unit yielded 72 A. granarius representing 0.25% of the population. Together, 87 individuals of this species were trapped from Goldsboro, representing only 0.10% of the population. The seasonal activity of A. granarius was similar to that of A. erraticus, with individuals taken from the late winter until the early summer (Fig. 8) .
A. distinctus was most abundant (845 specimens) on the CEFS beef unit, representing 2.28% of the beetle population (Table 1) . Only 188 individuals were collected from the CEFS dairy unit (0.33% of the total). A single individual was trapped from Salisbury during the study. A. distinctus was abundant during the cooler months of autumn and winter, with fewer individuals being trapped during the spring (Fig. 9) . No specimens were collected during the summer.
O. hecate hecate was common at both sites, with 87 and 884 individuals taken from Salisbury and Goldsboro, respectively. O. hecate hecate comprised 2.12% of the beetles trapped from Salisbury and 1.03% of the beetles in Goldsboro. More O. hecate hecate were trapped from the Goldsboro dairy unit (530) than the beef unit (354), although this species made up a slightly higher proportion of the population at the beef unit (1.23 versus 0.93% for the dairy unit). O. hecate hecate was present during much of the year at both sites, emerging in March and active through the summer (Fig. 10 ). Individuals were trapped through November and rarely in December and January.
O. taurus dominated the beetle fauna during all seasons except the winter at the two dairies (Tables  2Ð-5 ). At the Goldsboro beef unit, O. taurus was most abundant during the spring and summer, but it was replaced by A. pseudolividus during the autumn. The Aphodiinae were the dominant group at all sites during the winter. A. distinctus made up the largest percentage of beetles trapped from Goldsboro, whereas A. granarius dominated the fauna in Salisbury. However, only 14 beetles were trapped from Salisbury during the winter, making it difÞcult to characterize species dominance.
Discussion
We suspect the extreme disparity in species richness and the number of trapped beetles, between Salisbury and Goldsboro, was likely due to soil texture more than any other factor. Both sites had similar vegetative ground cover, animal feed, and weather patterns, yet only half as many species were taken from Salisbury (Table 1 ). In addition, the Salisbury site yielded only Ϸ14 and 7% of the beetles trapped from the Goldsboro beef and dairy units, respectively. This is congruent with Þndings of Nealis (1977) that clay soils lack the high species richness (total number of species) and high beetle numbers of sandier soils. He speculated that clay soils were difÞcult to tunnel in and thus reduced the amount of brood a female can produce, leading to smaller population sizes. In addition to site differences there were extreme differences between the trapping years. Temperatures were similar between years, but precipitation more than doubled during 2003 (Figs. 1 and 2) . Although it could not be clearly ascertained in the current study, variation in rainfall likely has differing effects on dung beetle populations on different soil types. Fincher (1973) observed that increased desiccation negatively affected brood survival in sandy soils. Whereas this may be true in some areas, Nealis (1977) noted that sandy soils drain better and may have a higher water table than those in FincherÕs experiment. In contrast, clay soils hold more water and saturation occurs more rapidly. In saturated soil, brood may suffocate from the lack of oxygen. Nealis (1977) also surmised that heavy rains rarely saturate clay soils thoroughly. However, he did not take into account that beetles tend to bury dung more shallowly in clay soils than in sandy soils (Halffter and Matthews 1966, Fincher 1973) . The assertion that differences in rainfall may have contributed to higher beetle mortalities between years is under study. Closer examination of soil characteristics and grazing management practices also may provide insight into variation in populations of dung beetles.
The domination of these sites by exotic dung beetle species is not surprising. In the past, several Onthophagus and Aphodius species have been introduced and spread over much of North America. They are now typically the dominant species in pastures within their range. Onthophagus nuchicornis (L.) was introduced into North America from Europe before the 1840s (Hoebeke and Beucke 1997) . It is now the most dominant dung beetle trapped in Alberta, Canada (Floate and Gill 1998). O. taurus was the most abundant beetle in our study, comprising from 45.40% (Goldsboro beef unit) to 73.35% (Goldsboro dairy unit) of the total population. It was Þrst found in North American during the early 1970s, in the Florida panhandle (Fincher and Woodruff 1975) . It has since migrated as far north as New York (Hoebeke and Beucke 1997) . O. gazella was introduced for pasture improvement into Texas (and subsequently into California, Arizona, Georgia, and Mississippi) beginning in the early 1970s Aga 1978, Hoebeke and Beucke 1997) . This species was found abundantly in our study and represents the most northern record on the Atlantic coast. Although O. gazella and O. taurus may coexist in pastures and fecundity favors O. gazella as a dominant species, its seasonal occurrence was shorter than O. taurus Aga 1975, Hunt and Simmons 2002) (Fig.  6) . Based on the short seasonal activity of O. gazella in this region, colonization of this beetle species in areas north of the Carolinas may be limited.
A. distinctus was mainly a winter species in North Carolina. Individuals were taken from late November through early March as was observed by Davis (1966) . Observations on the activity of this species in The Netherlands and Alberta, Canada, showed that it was present during the autumn, speciÞcally from September through October (Heijerman 1990, Floate and Gill 1998) . This shift was expected considering the colder climate in these regions compared with North Carolina. Similarly, A. granarius had a short season of activity, from early March through early May in our study. However in Canada, A. granarius does not become active until May, with activity ceasing in the middle of August (Floate and Gill 1998) . This species was considered a summer species in The Netherlands (Heijerman 1990) .
Several species seem to be multivoltine in North Carolina. We compared published developmental times with the seasonal activity data presented during this study to predict the number of generations per year. O. taurus has a developmental time of Ϸ4Ð5 wk, depending on temperature (Wardhaugh et al. 2001) . Thus, this species probably has 4Ð5 generations per year in North Carolina given its 7 mo of activity from late March through late October. A. erraticus may have one or two generations per year, being active from early March through mid-June and having a developmental time of 6 Ð7 wk (Rojewski 1983) . O. gazella has a short developmental period, completing its life cycle in Ϸ30 d (Blume and Aga 1978) . We observed O. (Howden and Cartwright 1963) . Given this developmental rate, it is possible 
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ANNALS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA Vol. 98, no. 3 for this species to have up to seven generations per year during its 6 or 7 mo of activity. In North Carolina, baseline data concerning dung beetle distribution, seasonal activity, species composition, and richness were lacking. Our study provides the Þrst repeatedly sampled quantitative overview of the dung beetle species existing in North Carolina cattle pastures. Such information is essential to rec- ognizing changes in dung beetle communities and their role in pasture ecology. 
